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Abstract: Osteogenesis imperfecta (Ol) is a genetic disease characterized by excessive bone
fragility with fractures consecutive to minor trauma. Considering lack of standardization of
therapy with pamidronate in children, it was our aim to present our experience over a period
of 10 years regarding evolution and treatment in patients diagnosed with osteoporosis and OI.
Nine patients diagnosed with Ol were admitted to the First Pediatric Clinic, Timisoara.
They were investigated (clinical, biomarkers of bone metabolism and imaging studies), and a
quality-of-life questionnaire was used to evaluate the impact of OI. Treatment was performed
with pamidronate 1 mg/kg/cycle, every 3 months. The patients were evaluated every 3 months.
The most frequent was type III (three patients), and two patients were diagnosed with type II,
while the other patients were diagnosed with other forms such as types IV, V, VI and VIIL
The clinical expression was polymorphic, and the number of fractures was variable. Bone pain
ameliorated just after the first cycle of pamidronate, while the activity and mobility increased
quickly. Osteodensitometry in children over 12 years showed a decreased bone mineral density
(BMD) with a significant improvement after treatment. The values of the bone alkaline phos-
phatase and osteocalcin changed after the antiresorptive treatment, and the quality of life of the
children and their family improved. Treatment with pamidronate is beneficial for the patient,
family and society, increases mobility and bone density, improves quality of life and reduces
family dependence in children with OI.
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Introduction

Osteogenesis imperfecta (OI), known as brittle bone disease, is a heterogeneous,
phenotypic and molecular group of inherited connective tissue diseases characterized
by increased bone fragility.! It is one of the most common skeletal dysplasias secondary
to quantitative or qualitative abnormalities of collagen metabolism.? The incidence
is between 10,000 and 20,000 live births according to the statistics and national reg-
isters® type I and IV disease, the most commonly represented, with a prevalence of
4-5 cases per 100,000.* In Romania, there are no available data on the incidence and
prevalence of this disease.

Traditionally, OI was considered a dominant disease caused by the mutations in
COL1AL1 or COL2A2 genes, which encodes ol and a2 chains of collagen 4, respon-
sible for the appearance of qualitative and quantitative deficiencies in the synthesis of
type I collagen. Till now, more than 1,500 dominant mutations in the COL1A1 and
COL2A2 genes have been identified and published, causing several skeletal phenotypes
ranging from subclinical to lethal forms.* More recently, recessive forms of OI have
also been defined, caused by mutations in a variety of genes whose products interfere
mainly with type I collagen quantity, structure, synthesis or function.®
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In 1979, David Sillence classified OI in four classical
forms based on clinical and radiological features.?
Later, the classification was supplemented by Rauch and
Glorieux,' and so far, till today, 16 types of OI and Ol-like
syndromes are known, divided in five groups based on the
metabolic pathway affected regarding the collagen synthe-
sis, structure, processing, posttranslational modification,
folding and cross-linking, bone mineralization and osteoblast
differentiation.’

Type I of Ol is the most common and the mildest form as
well. The quality of the collagen is normal, but its quantity
is insufficient. Mild fractures, slight curvature of the spine,
joint laxity and muscle hypotonia can occur. Type Il is severe,
usually lethal in the perinatal period secondary to respira-
tory failure or cerebral hemorrhage. In this form, collagen is
quantitatively or qualitatively defective, which explains the
intrauterine fractures and the blue sclera. Type III is progres-
sive and deforming. Sometimes fractures may occur prior to
birth. Bone deformities, often severe, cause a small waist,
spinal curvature and barrel-shaped ribs, enabling a severe
physical disability. In type IV, the bone deformities ranging
from mild to moderate are associated with early hearing
loss. Type IV A and IV B can be described depending on
the presence or absence of dentinogenesis imperfecta. Types
V and VI are characterized by the same clinical features as
type IV, but have specific histological images (eye of the
seine and the fish scale). Type VII, frequently encountered
among a group of Indians in Quebec, has multiple fractures
at birth. Fractures diminish in frequency in adults. Cabral
et al® emphasized type VIII of OI, a recessive form of great
severity like type II, characterized by severe shortening of the
long bones, vertebral compression fractures, arms longer than
forearms, large anterior fontanel and round face. Patients with
type IX have white sclerae and normal dentition, with their
hand length that is proportionate for their age and without the
metacarpal shortening. Although the osteoporosis in this type
of Ol is less severe than that in types VII and VIII, low bone
mass and multiple long-bone fractures are described.’

The treatment of these patients should be performed as
soon as possible with drugs that are able to maintain the
quality of bone to access the autonomy necessary for long-
term functionality. The recommended therapy consisted of
treatment with bone antiresorptive drugs, but the doses and
the period of administration in children are controversial.

Objectives

The authors aimed to present their experience over a period
of 10 years regarding evolution and therapy in patients
diagnosed with osteoporosis induced by OI admitted to the

Endocrinology Department of the First Pediatric Clinic of
the “Victor Babes” University of Medicine and Pharmacy,
Timisoara, considering lack of standardization of therapy
with pamidronate in children.

Patients and methods

Study population

A total of nine patients with Ol admitted to the Endocrinology
Department were analyzed. The group’s age ranged between
2 weeks and 17 years at admission, and five girls and four
boys were included. This study complied with the Declaration
of Helsinki and has been approved by the institutional ethics
committee of the “Victor Babes” University of Medicine
and Pharmacy, Timisoara, Romania. We obtained written
informed consent from the children’s parents for using both
the case details and their images in this publication.

The anamnesis pointed out the gestational age, the birth
weight and height, the delivery history, the adopted kind
of feeding (breast milk or formula milk), the history of
fractures, the movement ability, the diet, the consumption
of dairy products, the vitamin D intake and sun exposure.
The patients were clinically examined (using anthropometric
criteria, height and weight and then compared with weight-
for-height and height-for-age considering age and sex) and
amorphogram performed for each child enabled checking of
harmonic growth. The pubertal development was evaluated
using the Tanner stage. The examination on the systems was
performed, and it described the characteristics of this disease
with specific phenotype.

Markers of bone metabolism

The phosphate and calcium metabolism was investigated.
25-OH vitamin D was tested using immunochemistry
method. It was defined as insufficient level of 25-OH
vitamin D, a value between 10 and 30 ng/mL, while a
serum level <10 ng/mL was suggestive of vitamin D
deficiency.

Markers used to describe the bone metabolism were as
follows: serum and bone alkaline phosphatase (Tandem®-MP
Ostase® assay), osteocalcin (Elecsys N-MID osteocalcin
reagent kit) and B-crosslaps (BM/Hitachi Elecsys 2010
method), and they were analyzed considering the age and
sex of the patients. All the bone markers were tested during
the first hospital admission, at 3 and 6 months after the start
of the therapy and then annually.

Diagnosis of osteoporosis
Osteoporosis was defined according to the American
Academy of Pediatrics (AAPs) and International Society for
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Clinical Densitometry (ISCD): the presence of both clinically
significant fracture history and low bone mineral content
or bone mineral density (BMD) showed by dual-energy
X-ray absorptiometry (DXA) with the Z-score less than or
equal to —2.0, adjusted for age, sex and body size.'*!? For
young adults, the use of the T score is recommended, for
the same purpose.'?

Radiographies of the skeletal segments affected were
performed to identify the fractures. The presence of osteo-
porosis in patients aged over 12 years was estimated using
DXA method. This was not performed in children under
12 years old, because the software used for the interpretation
of DXA results was not adequate. To perform this investiga-
tion in these younger patients, we had to adapt the software
to the requirements.

Quality of life

Regarding the impact of the OI on the patients and their
families’ life, a quality-of-life questionnaire was used. The
Short Form-36 is a self-reported health assessment test which
contains 36 items that evaluate many aspects of physical and
mental health and is widely used to measure health outcomes.
Each domain is scored from 0 to 100, a bigger score being
correlated with better mental and physical health. This
questionnaire was completed by the patients attending school
and their parents, before and after pamidronate treatment.

Therapy

The treatment of the patients with OI was performed with
intravenous pamidronate in glucose 5% solution (0.5 mg/kg —
first dose followed by 1 mg/kg/cycle — next doses) over a
period of 3—4 hours, every 3 months. A cycle represented
a period of 1-3 days of administration. At the beginning
of the treatment, intravenous calcium was administered to
prevent the possible hypocalcemia associated with the first
dose of pamidronate.

Clinical and biological changes were evaluated regu-
larly every 3 months during antiresorptive treatment, and
radiological and quality of life parameters were assessed
yearly. The period of follow-up was between 3 and 6 years.
The patients older than 20 years were transferred to adult
medical service.

Statistical methods

Statistical data processing was performed using SPSS
version 19 (IBM Corporation, Armonk, NY, USA). The
Mann—Whitney nonparametric statistical test was used
given the small number of patients sampled before and after
treatment. The r correlation coefficient (Bravais—Pearson)

was also used to correlate serum alkaline phosphatase and
the number of fractures before and after treatment.

Results

In the past 10 years, we analyzed a total number of nine
patients (four boys and five girls) diagnosed with osteopo-
rosis induced by various forms of OI. The anthropometric
measurements of the patients (aged between 2 weeks and
17 years) at their first hospital admission described them as
being short statured with a mean score of standard deviation
(SDS) of —5.78 (Table 1).

Their anamnesis revealed many fractures per patient and
normal intake of calcium and vitamin D substituents.

According to the Sillence classification, the distribution
of patients from our group was the following: type III of OI
was encountered in most of the patients (three cases), two
patients were diagnosed with type II, while the other forms
such as types IV, V, VI and VIII were present in only one
patient for each form.

The clinical picture was polymorphic and varied from
fractures in a single segment of the limb to multiple ones
(up to 39 fractures) localized in different segments. All the
fractures were caused by minor trauma (Table 2).

The phenotypes of these patients were very suggestive of
the OI according to the age. The newborns were presented
with intrauterine fracture, infants with triangle face with
large head and barrel-shaped rib cage (Figure 1) and older
children with short stature secondary to the limb fractures,
sometimes with vicious callus (Figure 2). All the children
had severe walking difficulties and were afraid to do it.
Three patients had dentinogenesis imperfecta associated with
brown—yellow spots, malposition and friability (Figure 3).
Audiometry was performed in all the patients and was within
the normal limits.

Table | Clinical and anthropometric characteristics of the
patients diagnosed with Ol at first hospital admission

Case Age at Sex  Height at first SDS at first
number  admission admission (cm) admission
| 17 years F 113 -8.76

2 I5 years F 123 -6.91

3 5 months M 53 -6.39

4 3 years F 79 -5.13

5 4 months M 59 -2.86

6 8 years M 112 -3.10

7 5 months F 51 —-7.35

8 5 months M 55 —-7.02

9 2 weeks F 46 —1.45

Abbreviations: F, female; M, male; Ol, osteogenesis imperfecta; SDS, score of
standard deviation (for height in our case).
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Table 2 Clinical aspects of the study group

Case Age at first Type of Ol Sex Number of Location of the fractures

number hospital admission fractures

| 17 years 1] F 8 Femurs and hips

2 15 years 1] F 7 Hips, right tibia and fibula, 1/3 distal of
right femur, right and left humerus

3 5 months 1l M 39 Right and left humerus, right femur, ribs

4 3 years \% F 6 Bilateral tibia

5 4 months Vil M 3 Bilateral tibia and left femur

6 8 years v M 7 Left radius

7 5 months I F 3 Left femur and tibia

8 5 months \ M | Right femur

9 2 weeks Il F 2 Ribs

Abbreviation: Ol, osteogenesis imperfecta.

All the patients had normal serum calcium levels before
starting treatment with pamidronate. Regarding the 25-OH
vitamin serum level, 25% of these patients had vitamin D
deficiency and 55.5% were insufficient for vitamin D, for
which vitamin D solution (800 Ul/day) was prescribed.

In four children, the bone pain was very severe, and it
ameliorated just after the first cycle of pamidronate and disap-
peared after the second. Their activity and mobility increased
quickly. No side effects such as flu-like symptoms, headache,
dizziness, gastrointestinal symptoms or hypocalcemia were
described in our patients.

The X-rays of our patients consisted of very suggestive
images for this pathology such as complete or incomplete
fracture of the mid-diaphysis of long bones, less or more dis-
placed, etc. One patient had an apophyseal avulsion fracture
of tibia, which is less common. Usually, an aberrant vicious
consolidation can appear associated with fracture and some-
times as a response to these fractures. Other X-ray-specific

Figure | Newborn with triangle face.

skeletal manifestations consisted of deformities of the spine
(kyphosis, scoliosis), the rib cage (secondary to its thinning)
or extremities (discrepancy in length, incurvation of the
radius and ulna). The DXA showed the presence of osteo-
porosis in these children.

For 3-year treatment with pamidronate, the bone texture
and mineral density evaluated by DXA improved, as indi-
cated by the mean values of the Z-score in our cases that
diminished from —2.85 to —2.25 (Figure 4).

The fractures were treated according to the fracture type
and site using Dassault immobilization or surgical treatment

Figure 2 Short stature due to limb fractures with large head and barrel-shaped
rib cage.
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Figure 3 Dentinogenesis imperfecta with brown—yellow spots, malposition and
friability.

in all patients, and in three cases the hip joint or long bones
were consolidated.

The effectiveness after 3 years of treatment with pamidronate
was confirmed by the reduction in the number of fractures to
zero, with a significant P-value (Z=-2.375, P=0.018).

The markers of bone metabolism in our study
group showed normal serum calcium and phosphorus
level at the baseline and a stable serum normal level under
treatment.

Concerning the variation of the serum alkaline phos-
phatase and the number of fractures before and after treatment
with pamidronate, we calculated the  correlation coefficient
(Bravais—Pearson) between these two variables. The scatter
diagrams show that there is no significant correlation between
the serum alkaline phosphatase values and the number
of fractures in patients before treatment (r=1, P=0.613;
Figure 5), neither between the serum alkaline phosphatase
values and number of fractures in patients after 3 years of
treatment (r=1, P=0.384; Figure 6).

Concerning the bone alkaline phosphatase before and
after antiresorptive treatment, we found decreased values
after the treatment (Figure 7).

|
e
- [6,]

Z-scores
I
o

-2

Patients

M Z-score before pamidronate treatment
M Z-score after 3-year period of pamidronate treatment

Figure 4 The evolution of Z-score in patients before and after 3 years of treatment
with pamidronate.

40 1 o

30

20

Number of fractures before
3-year pamidronate treatment

0. °  Rsqlinear =0.055

30 40 50 60 70 80 90
Alkaline phosphatase before treatment

Figure 5 Scatter diagram of serum alkaline phosphatase values and the number of
fractures in patients before treatment.

We analyzed the serum levels of osteocalcin and
B-crosslaps in patients before and after pamidronate treat-
ment (Table 3). In our study, we have a decreased level of
osteocalcin and B-crosslaps (B—CTx) after treatment.

Discussion

The current paper presents our experience over a period
of 10 years related to evolution and treatment in children
diagnosed with osteoporosis and OI, demonstrating the
beneficial effect of pamidronate for bone density, mobility
and quality of life.

Bisphosphonates are a class of medication frequently
prescribed for the treatment of many bone disorders in adults
such as primary and secondary osteoporosis, hypercalcemia
secondary to different cancers or Paget’s disease.

0.8 1

0.6 1

0.4 1

0.2 1

Number of fractures after
3-year pamidronate treatment

R Sq linear =0.154
o]

04 o o oo o

20 30 40 50 60
Alkaline phosphatase after treatment

Figure 6 Scatter diagram between the serum alkaline phosphatase and number of
fractures in patients after 3 years of treatment.
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Figure 7 The evolution of serum bone alkaline phosphatase before and after 3-year
period of treatment with pamidronate.

The effect of bisphosphonates is based on the analogy
with pyrophosphate and enabled joining the bone surfaces
in contact with osteoclasts. This is the place where they
exert their therapeutic activity. The mechanisms by which
bisphosphonates act on osteoclast level can be divided
into two categories: the physicochemical mechanism and
the cellular one. It involves the increasing of osteoclast
apoptosis together with the cellular functional damage.
The apoptosis can be induced by both cytotoxic mecha-
nisms and activation of mevalonate system.!* At the same
time, the structure of the bisphosphonates induces the
increased calcium affinity of the bone. All bisphosphonates
have in common two phosphonates and one carbon atom
(P—C-P), responsible for the affinity of bisphosphonates
for hydroxyapatite.

The pharmacokinetics and the bioavailability vary
between bisphosphonates, being responsible for good
clinical outcomes obtained with minimal adverse effects.

They are poorly absorbed through the entire gastrointestinal
tract because of their poor lipophilicity. The antiresorptive
medication is rapidly incorporated into the bones.'* After
intravenous administration of pamidronate, the half-life in
plasma is 1-2 hours being further renally excreted. A termi-
nal half-life of 10 years has been detectable for alendronate,
while pamidronate urinary excretion was up to 8 years after
the ending of this long treatment.'>'¢

In pediatric age, bisphosphonates can be prescribed in
both primary and secondary osteoporosis, increasing the bone
mass and reducing the fracture rate and the bone pain.

Although there are oral bisphosphonates (alendronate
and risedronate) and parenterally administered forms
(pamidronate, neridronate or zoledronate), there is no
consensus regarding the optimal form, dosage or duration
of therapy. There are some studies analyzing the effects
of oral bisphosphonates in primary osteoporosis. The oral
treatment with alendronate for a period of 2 years was
responsible for the decreased bone turnover and increased
lumbar BMD,"” while the oral administration of risedronate
increased the lumbar BMD, but weaker compared with
intravenous pamidronate.'® In terms of the way of adminis-
tration, the intravenous bisphosphonates are more efficient
comparing with the oral forms in treating osteoporosis in
children.'**

The treatment of moderate and severe primary osteoporo-
sis from OI with intravenous bone antiresorptive is approved
in children by the European Medicines Evaluation Agency
(EMEA) and Food and Drug Administration (FDA).*!

Therapeutic efficacy in children with OI can be judged
by the clinical and biological criteria, the decreased bone
pain and the walking improvement with increased overall
mobility, the reduced fracture rate, the elevated total BMD
by increased trabeculaec number and/or their mineralization,

Table 3 The serum levels of osteocalcin and B-crosslaps (B—CTx) in these patients before and after pamidronate treatment

Case Age at first Sex Osteocalcin (ug/L) B-crosslaps (B—CTx) (ng/L)
hospital Before After 6 months P-value Before After 6 months P-value
admission pamidronate of pamidronate pamidronate of pamidronate
treatment treatment treatment treatment
| 17 years F 187 112 0.08 3,450 2,156 <0.05
2 15 years F 161 103 4,150 1,980
3 5 months M 134 103 875 672
4 3 years F 128 101 1,560 1,198
5 4 months M 104 84 2,372 1,754
6 8 years M 152 129 973 713
7 5 months F 124 96 2,280 1,703
8 5 months M 136 87 1,206 750
9 2 weeks F 123 89 1,350 98l
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increased vertebral height preventing skeletal deformities
and a global improvement in the quality of life. There is no
adverse effect on growth.?

In the presented cases, the intravenous infusions with
pamidronate showed a good tolerance without adverse effects
or events. It was administered during 5—6 hours with a small
infusion rate and a large fluid volume because high dilution
makes a good tolerability.

The real benefit of this case series can be seen by the
long-term follow-up of all studied patients. The height
increase was observed in five patients who still had open
growth cartilages at the beginning of pamidronate treatment,
with a normal height according to their sex and age later.
Other bisphosphonate effects described in our patients were:
increased mobility and BMD showed by the Z-score at DXA
evaluation, decreased pain and fracture rate and improved
quality of life.

We presented our experience with patients with OI,
treated with pamidronate for a minimum period of 3 years,
a longer time compared to other studies where the treatment
period was between 1 and 2 years.!*2! This means that our
patients benefited by this medication for a longer period,
explaining the good outcomes.

No long-term side effects were described. In a boy with
severe OI, lost to follow-up for 1 year and 7 months, the
treatment was interrupted; during this period, he had eight
fractures caused by minor trauma. The literature mentions
the effect of pamidronate for 8—10 years,? but this statement
was not confirmed in this case. It is recommended in such
cases the continuation of bisphosphonate “rescue therapy”
until the linear growth is possible.**

In patients treated for more than 2-3 years, we have
identified bone bands on X-ray, as per the reported medical
literature.” They may occur after a longer period. It is quite
sure that the post-therapeutic evolution of patients is greatly
improved for both patient and family, who “escape” from a
totally dependent patient, collaborating with a patient with
cvasinormal mobility.

One patient from the orphanage had to stop this treat-
ment for a period of 2 years in which he suffered other eight
fractures. When he was brought again in our hospital, he
restarted the treatment with pamidronate. He recovered his
height with 3 cm but not adequate to his age and sex. This
was the reason why we associated the growth hormone (GH)
with the antiresorptive drug and the height improved with
8 cm in a year.

The effects of bisphosphonates in combination with
recombinant human GH in pediatric Ol patients were

presented in the medical literature. This combined treatment
gives an improvement in BMD and ensures a lumbar spine
projected area, particularly in patients with quantitative
defects. It is also responsible for the growth velocity and
reduces the fracture risk.

Puberty was not influenced under the bisphosphonate
treatment. Two adolescent girls were stage V Tanner at the
beginning of this therapy.

Biological investigations such as serum and bone alkaline
phosphatase, osteocalcin and B-crosslaps bring us sugges-
tive data for the diagnosis. Serum alkaline phosphatase is
not a good marker for osteoporosis in children, while bone
alkaline phosphatase shows a good correlation between clini-
cal aspects and evolution under treatment.

Osteocalcin is produced by osteoblasts, and it is an
important marker of bone formation and osteoblastic activity.
Physiologically, serum osteocalcin is increased in children,
particularly during the first year of life and during puberty
period characterized by rapidity of physical growth.?’

B-crosslaps are secreted and released into the blood-
stream by osteoclasts during bone resorption together with
a mixture of protease which degrade the collagen fibrils into
molecular fragments. It is an important marker for the deg-
radation of mature type I collagen and bone resorption. Its
value is highest in neonates, reaches a nadir between 1 and
9 years of age and increases again during early adolescence
in both sexes, attaining its peak earlier in girls than in boys.?
Pathological elevated levels of B-crosslaps are associated
with osteoporosis and osteopenia.

When analyzing the serum levels of osteocalcin and
B-crosslaps before and after pamidronate treatment, we
observed a decrease in these bone markers with more than
20% for osteocalcin and more than 25% of the B-crosslaps
after 6 months of pamidronate treatment.

The decrease in the serum osteocalcin after pamidronate
treatment is a marker of an efficient response to it. The
B-crosslaps decreased after antiresorptive medication, which
means the improvement in bone metabolism with a stabile
bone formation matrix under treatment, despite no statistical
significance. All these factors demonstrate the complex
mechanisms of this class of medication involved in bone
matrix in OI patients.

According to our study, we can conclude that the serum
alkaline phosphatase is not the best marker for the disturbance
of the bone metabolism in OI but bone alkaline phosphatase
together with serum osteocalcin is important bone turnover
markers useful in the diagnosis and the monitoring of therapy
in bone diseases.
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The limitations of our study include the impossibility to
perform genetic tests. In addition, it was very difficult to know
in the cases presented, if OI was a familial disease or was a
novo mutation because two patients came from orphanage.

In all our cases, the quality of life was improved for
the patient and the family. Significant differences were
found in the physical domain scores before and after
antiresorptive treatment especially regarding body pain (43
versus 78, P<<0.05) and physical functions (35 versus 85,
P<0.05).

Conclusion

Treatment with pamidronate is beneficial for the patient
with OI, family and society and increased the quality of life.
It improved bone density and the clinical symptoms, improved
mobility, reduced fracture frequency and prevented severe
deformities. A significant improvement in the ability of
walking and in the psycho-affective tonus of all patients with
OI admitted in our hospital and their families was obtained
after treatment with pamidronate. The independence and the
autonomy of these patients increased, being able to move
and/or to carry out normal light activities without fracture
risk. Serum alkaline phosphatase is not a good marker for
osteoporosis in children, while bone alkaline phosphatase
significantly decreases after therapy with pamidronate and
shows a good correlation between clinical aspects and evolu-
tion under treatment.
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